The oligomeric mixture of pro-MMP-9 was loaded on a Superdex-200 column (300x10mm, Amersham Biosciences), pre-equilibrated and operated at 4 o C. The sample volume was 100 μl of 1.1 mg/ml pro-MMP-9 and the flow rate was 0.5 ml/min. Elution was monitored by absorbance at 280 nm. The Stokes radius was determined by analysis of the elution time with respect to a calibration curve using both a Porath plot and a From these values, the partition coefficient of a given protein, Kd, was calculated as: 
Supplemental Experimental Procedures Size Exclusion Chromatography
The oligomeric mixture of pro-MMP-9 was loaded on a Superdex-200 column (300x10mm, Amersham Biosciences), pre-equilibrated and operated at 4 o C. The sample volume was 100 μl of 1.1 mg/ml pro-MMP-9 and the flow rate was 0.5 ml/min. Elution was monitored by absorbance at 280 nm. The Stokes radius was determined by analysis of the elution time with respect to a calibration curve using both a Porath plot and a Laurent and Killander plot (Siegel and Monty, 1966) . The five standard proteins From these values, the partition coefficient of a given protein, Kd, was calculated as:
Kd=(t e -t 0 )/(t T -t 0 ), t e being the retention time of a given protein. Similar results were obtained for both the Porath and Laurent and Killander plots. The uncertainties in retention times for three repeating sets of experiments were 0.5% on average. The linear least-square fits had a correlation coefficient of r 2 = 0.97 for both the Porath and Laurent and Killander plots.
Glycerol-Gradient Sedimentation
A sample (0.2 mg) of purified pro-MMP-9 was layered onto four polyallomer tubes containing 10-45% glycerol gradient (prepared in GradientMaster BioComp TM ) in buffer. The tubes were then centrifuged in a SW41 rotor at 37,000 rpm, 63 h, 4 o C. The gradient was then fractionated to 0.5 ml samples that were assayed for the presence of monomeric and other oligomeric structures by gelatin zymography (Masure et al., 1991) .
Fractions containing homogenous monomeric structures were pooled and dialyzed against buffer to remove excess glycerol. Protein concentration was determined using the BCA protein assay kit (Pierce).
Analytical Ultracentrifugation
Sedimentation velocity experiments were performed in a Beckman Optima XL-A analytical ultracentrifugation equipped with An-50 Ti rotor. Experiments were carried at 20 o C in buffer C. A sample at a protein concentration of 0.4 mg/ml was loaded into 12 mm path cells and centrifuged at 50,000 rpm. Absorbance at 280 nm was recorded every 160 sec using 0.001 cm radial spacing over the radial range 6-7.3cm.
The sedimentation profiles were analyzed using the software SEDFIT (Schuck, 2000) which allows evaluation of the sedimentation coefficient (s). The 130 experimental curves were analyzed and the distribution of the sedimentation coefficient, c(s), was obtained between 0.3 to 50 S at a resolution of 200 steps at this region, and grid size of 500 points. The confidence level for the parameterization was set to 0.9. The c(s) data was transformed to the molar mass distribution c(M) where the most abundant species was estimated for its molar mass. The software SEDNTERP (Laue et al., 1992) was used to estimate the solvent density (ρ) to be 1.0062 gr/cm 3 , and the viscosity (η) to be 1.045
cP. The protein partial specific volume (ῡ) was calculated based on the amino acid and glycan composition to be 0.7328 cm 3 /gr, where the amino acid parameters by Kharakoz (Kharakoz, 1997) were used. 
Amine Functionalized Substrate Preparation for AFM imaging

Protein Immobilization Procedure
The aminized dies were kept in a desiccator at 4 o C. Immediately before use, pro-MMP-9 was immobilized to the amine functionalized substrates through a glutaraldehyde crosslinker by the following procedure: 1.25% glutaraldehyde in 0.1 M Sodium
Carbonate solution (pH 9) was incubated on the amine functionalized substrate overnight.
The substrate was then rinsed thoroughly with sodium carbonate solution to remove unbound glutaraldehyde. Sample volume of 100 μl containing 0.1 mg/ml monodisperse solution of pro-MMP9ΔOG mutant or wild-type pro-MMP-9, fractionated to contain the monomeric form, were then incubated on the dies for 3 h. The samples were rinsed gently with 2x200μl buffer followed by 5x200 μl Milli-Q water and finally dried under a stream of nitrogen. The glutaraldehyde served as covalent cross-linker of the protein to the aminized surface. This ensured robust attachment of the protein molecules to the surface during the rinsing and subsequent imaging. The number of amine linkages to a single protein molecule was estimated from the molecular footprint and percent amine coverage to be 4 or less, thus the binding causes only minimal constriction of the molecular configuration. For AFM experiments run in buffer, the samples were kept hydrated continuously.
Ab Initio Modeling of SAXS Curves
The programs GASBOR ) and CHADD (Petoukhov et al., 2002) were used to generate low-resolution models. To take into account the glycosylation of pro-MMP-9 we have assumed that a single glycan is equivalent to ~1.6 amino acid residues according to its electronic density and length (Receveur et al., 2002) .
We also found that this value represents the relation between the averaged molar mass of glycans and residues. The total number of dummy residues (DRs) was then calculated, based on the amino acid sequence and the glycan composition that was previously characterized ( Van den Steen et al., 2006) .
Several models of the same input parameters were generated for each method, in order to check for convergence of the model to a unique solution through the random Monte-Carlo fitting procedure. The models were inspected using DAMAVER in order to choose the most probable solution, and to compute averaged normalized spatial discrepancy (NSD) values (see Supplemental Results). The crystal structures of the terminal domains (Cha et al., 2002; Elkins et al., 2002) were then docked in the representative model using the software SUPCOMB (Kozin and Svergun, 2001 ).
Supplemental Results
Analytical Ultracentrifugation Confirms pro-MMP-9 Is Monomeric in Solution
The isolated pro-MMP-9 monomer was subjected to analytical ultracentrifugation (AUC) for estimation of its Stokes radius as mentioned in the main text, and also to asses the oligomeric state of pro-MMP-9 in solution. In this sedimentation velocity experiment, the distribution of sedimentation coefficient c(s) is calculated and then transformed to a molar mass distribution c(M). This transformation yields an estimate of the molar mass for a dominating peak observed at c(s) graph (Dam and Schuck, 2004) . As seen in Figure   S1 , the main peak representing 91% of the total protein in solution exhibits an estimated molar mass of 76.5 kDa, whereas a value of 82 kDa was previously calculated based on protein composition (Van den Steen et al., 2006) . The agreement between these two values suggests that pro-MMP-9 is monomeric in solution. 
SAXS Molar Mass Determination Confirms pro-MMP-9 Is Monomeric in Solution
In order to determine the molar mass of pro-MMP-9 in solution based on the SAXS data, we used the 50kDa DEAD box protein A (DbpA) as a protein standard with well characterized molecular weight.
The following formula was used as described by Mylonas and Svergun (Mylonas and Svergun, 2007) : We have found 1.5% deviation in the calculated ῡ of these two proteins (0.7328 vs 0.7442 cm 3 /gr for pro-MMP-9 and DbpA, respectively). Furthermore, the experimental ῡ values may differ significantly due both to differences in protein chemical composition (presence of 2 N-linked and 14 O-linked glycans), and buffer composition required to achieve protein solubility and stability (pro-MMP-9 buffer: 100 mM Tris pH 7.4, 100 mM NaCl, 10 mM CaCl 2 , 0.01% Brij, 10mM DTT. DbpA buffer: 20 mM HEPES-K pH 7.5, 200 mM NaCl, and 1 mM DTT).
Nevertheless, the molar mass obtained by the forward scattering intensity is indicative of a monomeric rather than multimeric form of pro-MMP-9 in agreement with AUC.
Comparison of Modeling Software for the Analysis of the SAXS Data
The programs GASBOR ) and CHADD (Petoukhov et al., 2002) were used to generate a low-resolution model of pro-MMP-9. Both programs find a representation of the protein by a 3D arrangement of spherical scattering centers that reproduce the measured scattering curve. The advantage of CHADD is in the use of a priori knowledge of a portion of the Cα locations as determined by the crystal structure of isolated domains while the rest of the molecule is modeled, whereas GASBOR models predict the whole structure without the incorporation of a priori knowledge. In each of the programs, several independent computations are compared to analyze the convergence of the solution structures.
Eight independent GASBOR runs converged to a unique solution of an elongated overall conformation where one end is of larger size and can harbor the crystal structure of the N-terminal domain whereas the other end assumes a disk-like shape that can accommodate the crystal structure of the C-terminal domain ( Figure S2A ). The terminal domains were docked to the GASBOR model using the program SUPCOMB (Kozin and Svergun, 2001 ). The remaining density belongs to the OG domain that separates the terminal domains by 50 Å, taken as the OG domain length. The normalized spatial discrepancy (NSD) within the eight calculations ranged from 1.42 to 1.57. The NSD value is a measure of the similarity between the solution structures: a lower value corresponds to a better overlap. The NSD values were calculated using DAMAVER (Petoukhov and Svergun, 2003) , which is also capable of choosing the most probable solution (χ 2 =1.38) and to determine the outliers.
In an alternate modeling scheme, which makes use of known structural information, the full-length pro-MMP-9 structure was reconstructed using CHADD.
Eleven independent runs were computed and showed NSD values of 1.59-1.75 with no outliers, suggesting convergence of the solutions toward a unique model. The most probable solution (χ 2 =1.66) is shown in Figure S1B . The model indicates an elongated, three-domain structure that shows a large bimodal shape with disk-like domains connected by the relatively low-density OG domain. The crystal structures of the procatalytic domain and the hemopexin domains were sequentially docked to the contour density using the softwere SUPCOMB (Kozin and Svergun, 2001 
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Radiation Damage Verification
Special care has to be taken when exposing biological material to Synchrotron radiation. We have carefully examined the reproducibility of the intensity as a function of time. The lack of apparent change was taken as proof that any possible radiation damage that may have occurred did not affect the overall shape of the monomeric pro-MMP-9.
The linearity of the Guinier region further countered the possibility of X-ray induced aggregation. This was further verified by SDS-PAGE analysis ( Figure S3 ), indicating neither detectable aggregation nor cleavage. A total amount of 2 μg MMP-9 was analysed in lanes 1 and 2. Neither detectable aggregation nor cleavage is observed.
Choice of Conditions and Controls for Atomic Force Microscopy (AFM) Imaging of pro-MMP-9
Samples were imaged both under buffer solution, and in air. Although the former mode approximates physiological conditions, the quality of the images was poor ( Figure   S4A ). The poor quality of the images could arise from several factors: (1) The tips designed to be used for wet conditions had a significantly larger radius than the "spike" tips used in ambient conditions. (2) The fully hydrated sample may be softer and easier to distort under the tip pressure. (3) The minimal binding of the protein to the surface may still allow some degree of motion under fully hydrated conditions. Therefore, in order to improve the image quality, ambient conditions were applied where the sample was rinsed and excess water was removed by 2-3 minutes of gentle nitrogen flow. This procedure likely leaves a thin hydration layer on the sample and is hence termed "semi-dry mode".
The importance of this hydration layer in AFM imaging has been noted previously (Ng et al., 2003; Sheiko and Moller, 2001 ) and suggeested to provide high conformity to fully hydrated shape. To check the protein shape in the absence of any hydration layer, we applied thorough desiccation ( Figure S4B ), which led to loss of fine features, contraction of the protein, and image noise in the cross-sections.
The main difficulty in these semi-dry measurements was to obtain samples free of artifacts from spurious adsorbates, mainly salt deposition. Aggressive rinsing procedures were required to remove those adsorbates, but also led to the removal of much of the protein. By using the amine-modified silane surfaces and cross-linking procedure, it was possible to prepare surfaces which removed nearly all the background (as determined by blank runs), while maintaining significant surface concentration of protein, similar to what is seen under fully hydrated conditions. Blanks ( Figure S4C ) prepared by incubation under identical conditions as for the samples, but without pro-MMP-9 typically contain no more than one feature on a 1 μm 2 image. Comparison to the samples with pro-MMP-9
indicated that on average less than 5% of the observed features could have been artifacts due to debris or dried salt. Dessicated sample of the wild-type enzyme scanned in ambient conditions. (C) Blank sample subjected to the same immobilization procedure without applying the enzyme.
The arrow indicates a single particle observed on 1x1μm 2 scan. Height scale is indicated by the bar to the right in which the Z-axis ranges from 0 to 50 Å (dark to light).
Statistical Analysis of AFM Images
Statistical analysis of height, width, and lobe-to-lobe distances were determined for wild type pro-MMP-9 and pro-MMP-9ΔOG. These data are displayed as histograms (Cha et al., 2002; Elkins et al., 2002) suggest a flattening of the protein image, which could arise from interactions with the surface, or some compression of the structure under the AFM tip. The shape of the histogram of Figure 4A reveals that the wild type protein is distributed into two subpopulations, as opposed to the OG-deleted mutant (Fig. 4B ), which has a single peak in the distribution. The most probable width values were 190Å and 130Å for the wild type ( Fig. 4C ) and pro-MMP-9ΔOG (Fig. 4D) , respectively. This difference indicates that the OG domain has a significant contribution to the width of the wild type protein. Some of the spread in height and width values is expected to occur as a consequence of different binding configurations of the protein to the surface. Because the protein is not spherical, binding states with the major axis oriented at different angles with respect to the surface normal will lead to different maximum heights and widths as measured by AFM. Thus, the height would vary as the cosine of this angle, and the width as the sine.
The most probable lobe-to-lobe distance values were 78 Å for wild-type pro-MMP-9 (Fig. 4E ). This distance compares favorably to lobe-to-lobe values obtained by SAXS. The range of possible values from the SAXS model is in the range of 75-87 Å, depending on the allowed orientations of the individual domains. BLAST search (Altschul et al., 1997; Schaffer et al., 2001 ) of all available databases with the OG domain. The reported results lay above the default E-value threshold. Identity and similarity values are in percentage. This analysis provides sequence similarity among proteins that contain disordered proline rich domains which may share similar functional aspects. The high sequence identity may be ascribed to the high content of prolines. Nevertheless, extremely high structural architecture was detected via this analysis between cellulase and pro-MMP-9.
